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[57] ABSTRACT 
A joint forming sheet comprising a substrate having an 
easy release surface having a contact angle with water 
of at least 50", having provided on the easy release 
surface thereof an inorganic thin layer, the interfacial 
adhesive force of the inorganic thin layer to the sub 
strate surface being greater than the tensile strength of 
the inorganic thin layer. The inorganic thin layer can be 
released and transferred to a part on which an electrical 
joint is to be formed with high precision to form a joint 
causing no electrical connection failure. 

17 Claims, 1 Drawing Sheet 
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JOINT FORMING SHEET OR TAPE AND 
METHOD FOR JOINT FORMATION USING THE 

SAME 

FIELD OF THE INVENTION 

The present invention relates to a joint forming sheet 
or tape (hereinafter inclusively referred to as a “joint 
forming sheet”) which is used for forming an electrical 
joint, for example, an electrical joint connecting a lead 
of an electronic part, such as a semiconductor laser and 
an IC chip, to an electrical circuit board, an electrical 
joint connecting a ?at cable to a printed circuit board, 
and an external electrode of an electronic chip. The 
present invention also relates to a method for joint for 
mation using the joint forming sheet or tape. 

BACKGROUND OF THE INVENTION 

Known joint forming sheets for electrical connection 
include a connecting sheet comprising a substrate with 
a easy release surface, such as a ?uorine resin substrate, 
having provided thereon a low-melting metallic mate 
rial layer as disclosed in JP-A-64-l0578 and JP-A-64 
10579 (the term “JP-A” as used herein means an “unex 
amined published Japanese patent application”) and a 
connecting sheet comprising a substrate made of plas~ 
tics other than fluorine resins having provided thereon 
a low-melting metallic material layer as disclosed in 
JP-A-64-63205. 
An electrical joint can be formed by bringing the 

low-melting metallic material layer of a connecting 
sheet into contact with a part on which a joint is to be 
formed and pressing the layer from the back of the 
substrate with or without heat to thereby cut the 
pressed part of the metallic material layer and then 
transfer the cut part onto the part to be connected. Use 
of such a connecting sheet improves ef?ciency of elec 
trical connection of various electrical or electronic 
parts. 
However, where a metallic material layer is provided 

on an easy release surface of, for example, a ?uorine 
resin substrate merely aiming at easy removal from the 
substrate, the pressed part of the metallic material layer 
tends to be released from the substrate before being cut. 
As a result, the transferred metallic layer would be 
oversized with poor dimensional precision. Such poor 
precision of transfer causes a failure of electrical con 
nection. 
On the other hand, where a metallic material layer is 

provided on a surface of a substrate made of plastics 
other than fluorine resins, since the metallic material 
layer is not easily released from the substrate at the 
adhesive interface, it tends to be broken in parts before 
being released, resulting in insufficient transfer. If the 
tensile strength of the metallic material layer is in 
creased to avoid this, then the metallic material layer 
cannot be smoothly transferred, resulting in a reduction 
of workability. 

Thus, the conventional techniques of joint formation 
by use of a connecting sheet have not yet achieved 
sufficient precision of transfer, waiting for further im 
provements. 

SUMMARY OF THE INVENTION 

As a result of extensive investigations, it has been 
now found that a sheet comprising a substrate with a 
speci?c easy release surface having provided thereon a 
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2 
thin layer having speci?c physical properties can over 
come the problems in the prior art. 

Accordingly, one object of the present invention is to 
provide a joint forming sheet with which an electrical 
joint can be formed with high precision of transfer. 

Another object of the present invention is to provide 
a method for joint formation using the joint forming 
sheet or tape. 
The joint forming sheet according to the present 

invention comprises a substrate having an easy release 
surface having a contact angle with water of at least 50°, 
having provided on the easy release surface thereof an 
inorganic thin layer, the adhesive force of the thin layer 
to the substrate surface being greater than the tensile 
strength of the thin layer. 
The method for joint formation according to the 

present invention comprises putting the joint forming 
sheet or tape on a part on which an electrical joint is to 
be formed in a manner such that the inorganic thin layer 
faces the part, pressing the joint forming sheet from the 
back side thereof to cause the substrate to be partially 
deformed and to cause the inorganic thin layer at the 
pressed part to be cut and transferred to the part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 each shows a cross section of the joint 
forming sheet according to the present invention. 
FIGS. 3 and 4 each illustrates the usage of the joint 

forming sheet according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention will be described by referring 
to the accompanying drawings. 
As shown in FIG. 1, the joint forming sheet of the 

present invention comprises a substrate 1 with an easy 
release surface 10 and an inorganic thin layer 2 pro 
vided on the surface 10. 
The easy release surface 10 has a contact angle with 

water of at least 50°, and preferably at least 65°, so that 
the inorganic thin layer 2 may be released from the 
substrate 1 and transferred smoothly. If the contact 
angle is less than 50°, the inorganic thin layer 2 cannot 
easily be released from the substrate 1 at the adhesive 
interface therebetween. The upper limit of the contact 
angle with water is about 120°. 
The easy release surface is obtained by forming the 

whole substrate of a ?uorine resin, such as polytetra?u 
oroethylene, polychlorotri?uoroethylene, polyvinyl 
?uoride, polyvinylidene fluoride, a tetrafluoroethylene 
hexa?uoropropylene copolymer, or a chlorotri?uoroe 
thylenevinylidene ?uoride copolymer, or subjecting an 
ordinary plastic substrate to a surface treatment with a 
release agent, such as a silicone-containing compound 
having a hydroxyl group or a vinyl group (e. g., a blend 
of dimethyl polysiloxane and methylhydrogen polysi 
loxane), the above-described ?uorine resin, or molybde 
num sul?de. 
The thickness of the substrate 1 is not particularly 

limited and usually ranges from about 1 to 600 pm. The 
substrate 1 is preferably rolled up so that the inorganic 
thin layer 2 can be formed thereon continuously in the 
longitudinal direction thereof and the substrate having 
formed thereon an inorganic thin layer can be unrolled 
to continuously conduct transfer of the thin layer onto 
various parts. 

Materials constituting the inorganic thin layer 2 in 
clude not only the low-melting metallic materials de 
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scribed in JP-A-64-l0578 and JP-A-64-l0579 supra but 
high-melting metallic materials having a melting point 
of 500° C. or higher, e.g., gold, silver, copper, alumi 
num, nickel, chromium, iron, and silicon, or alloys 
thereof. In addition, the inorganic thin layer may be 
made of metal oxides or metal compounds, such as 
A1203, SiO1_1, TiO1_2, Ta2O5, ZnO, W03, ZnS, ZnSe, 
SnOZ, In202, GaAs, GaP, and CdO; or magnetic mate 
rials, such as amorphous magnetic alloys comprising Fe, 
Ni, Co, etc. having been doped with a semi-metal, e.g., 
B, P, or Si, and Fe—, Fe.Si-, Fe.Al-—, Fe.Si.Al—-, 
Fe.Cr--, Fe.Co--, Ni.Fe-—, or Ni.Mn-based magnetic 
metals or alloys. 
The inorganic thin layer 2 can be formed by known 

thin ?lm formation techniques, such as vacuum evapo 
ration, sputtering, and ion plating. The inorganic °thin 
layer usually has a thickness of from about 50 A to 
about 100 um. . 

It is necessary for the inorganic thin layer 2 to have a 
greater interfacial adhesive force to substrate surface 10 
than its tensile strength. The interfacial adhesive force is 
a pull strength (g/cm2) of the thin layer when vertically 
pulled apart from the substrate and is measured as fol 
lows. A sample sheet cut to a 1 cm square was sand 
wiched in between a pair of plates with, for example, a 
double-coated adhesive tape. One of the plates is pulled 
with the other being ?xed, and the load at which the 
inorganic thin layer is separated from the substrate is 
read out. The tensile strength of the thin layer is a ten 
sile stress (g/umXcm) imposed to the cross section 
(thicknessxwidth) of the thin layer at break. 
With the interfacial adhesive strength between the 

inorganic thin layer 2 and the substrate surface 10 being 
greater than the tensile strength of the thin layer 2, the 
thin layer 2 undergoes cutting on being pressed from its 
back side before being released from the substrate 1 and 
is, therefore, transferred to part 3 with good dimen 
sional precision. In order to take full advantage of such 
an effect, the interfacial adhesive force is preferably 
greater than the tensile strength of the thin layer by at 
least 10 g, and more preferably at least 50 g. 

In general, since the tensile strength of the inorganic 
thin layer increases with an increase in thickness, it may 
exceed the interfacial adhesive force with a certain 
thickness. This can be avoided by previously subjecting 
the substrate to a surface treatment for enhancing the 
interfacial adhesion taking care not to impair easy re 
lease (i.e., so as to maintain a contact angle with water 
of 50° or more) or by controlling the thickness of the 
inorganic thin layer so that the tensile strength may not 
exceed the interfacial adhesive force. The surface treat 
ment for enhancement of interfacial adhesion includes 
sputtering, corona discharge, irradiation of electron 
beams, alkali treatments, or etching (e.g., oxidation). 
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Where a high-melting metal having a melting point of 55 
500° C. or higher is used as the inorganic thin layer, 
even those metals having relatively low surface energy 
will exert a sufficient interfacial adhesive force to an 
easy release surface having a contact angle with water 
of at least 50° because of their high evaporation energy. 
A thin layer made of a high-melting material exhibits an 
interfacial adhesive force higher than the tensile 
strength thereof usually by 10 g or more, and preferably 
50 g or more. Accordingly, as compared with low-melt 
ing materials, high-melting materials having a melting 
point of 500° C. or higher are advantageous for easily 
satisfying the desired relationship between tensile 
strength and interfacial adhesive force without requir 
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4 
ing the above-described manipulations such as a surface 
treatment of a substrate or control of thickness of an 
inorganic thin layer. 

If the tensile strength of the inorganic thin layer is too 
low, the resulting sheet is hard to handle. If it is too 
high, cutting and transfer of the thin layer are dif?cult. 
Accordingly, a practical tensile strength of the thin 
layer is in the range of from 10 to 1,000 g/umXcm. On 
the other hand, if the interfacial adhesive force is too 
high, the thin layer is hardly released from the substrate. 
Accordingly, a practical interfacial adhesive force is not 
more than 300,000 g/cm2, preferably 500 to 100,000 

It is preferable that the substrate 1 has a greater elon 
gation than that of the inorganic thin layer 2. It is also 
preferable that the substrate 1 has a controlled elonga 
tion in at least one direction. 

If the elongation of the substrate 1 is smaller than that 
of the thin layer 2, when the substrate 1 is pressed and 
deformed by, for example, a push of an ejector as here 
inafter described, such may cause nothing more than a 
stretch of the layer 2, failing to cut the layer 2 by the 
pushing force. In view of this, the elongation of the 
substrate 1 is preferably greater than that of inorganic 
thin layer 2 by at least 50%. An inorganic thin layer 
comprising the above-described metallic material usu 
ally has an elongation of not more than 100%. Accord 
ingly, the substrate 1 preferably has an elongation of 
150% or more, and more preferably 200% or more. 
The elongation of the substrate 1 can be controlled in 

at least one direction by previously subjecting the sub 
strate to stretching, for example, in its longitudinal di 
rection in the case that the substrate has a continuous 
length (i.e., a sheet or tape form). More specifically, a 
substrate of continuous length preferably has an elonga 
tion of 150% or more, and more preferably 200% or 
more, in the transverse direction (TD) while controlling 
the elongation in the machine direction (MD) below 
150%, and more preferably 120% or less. 
The elongation of a substrate and an inorganic thin 

layer can be measured according to 118 K 6887. 
Since the substrate having a controlled longitudinal 

elongation is inhibited from elongation when a tension 
is applied thereto in the machine direction at the time of 
forming an inorganic thin layer thereon, unevenness in 
thickness of the formed inorganic thin layer and wrin 
kles of the resulting joint forming sheet can be pre 
vented. Further, as shown in FIG. 4, when the thin 
layer 2 is made to face the surface of part 3 on which a 
joint is to be formed with tension F being imposed upon 
the substrate 1 in the direction having a controlled elon 
gation (in the longitudinal reaction of the substrate 1 in 
FIG. 4), and the sheet is then deformed upon being 
pushed at the back side thereof by an ejector 5 (e. g., an 
ejector pin), the thin layer 2 is cut off along the outline 
of the ejector 5 and transferred to part 3 when the de 
formation exceeds the elongation of the thin layer 2 
because the elongation of thin layer 2 is smaller than 
that of the substrate 1. 
When the thin layer 2 of the joint forming sheet is 

made to face the surface of part 3, it is important for the 
gap (T1) between thin layer 2 (before being deformed) 
and part 3 to be greater than the deformation distance 
(T2) of the substrate 1 in its thickness direction at the 
time of cutting the thin layer 2 (T l >Tz). If T1 is smaller 
than T2, the thin layer 2 comes into contact with the 
surface of part 3 before it is cut off, resulting in insuffi 
cient precision of cutting. 
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The inorganic thin layer may be composed of two or 
more layers as shown in FIG. 2. For example, it may be 
composed of a lower layer 20 made of a low-melting 
metallic material having a melting point of less than 
500° C. and an upper layer 21 made of a high-melting 
metallic material having a melting point of 500° C. or 
higher, or vise versa, or may have a layer structure 
composed of layer 20, layer 21, and layer 20 in this 
order. 
Such a laminate structure makes it possible to?transfer 

different kinds of thin layers simultaneously and thus 
simpli?es the working steps. For example, where a joint 
is formed of Sn, In, Pb, Ag, Al, or Cu, or an alloy 
thereof, a metallic barrier layer made of, e.g., Ni, is 
usually provided thereon by electroplating for the pur 
pose of preventing an electrical connection failure due 
to migration. In such a case, the electrical joint and the 
barrier layer can be formed simultaneously by using a 
thin layer composed of a joint forming metallic layer 
and a barrier metallic layer, thereby excluding the ne 
cessity of electroplating after joint formation. 
When the inorganic thin layer composed of a layer 

made of a low-melting material and a layer made of a 
high-melting material is transferred under heating, since 
the high-melting layer is not fused, the thin layer can be 
transferred while retaining its shape with high preci 
sion. When the transferred thin layer is fuse bonded by 
heating, the high-melting layer serves as a barrier layer 
against heat to prevent fusion of thin layers with each 
other. 

Further, where a metal oxide or a metal compound 
having poor adhesion to a part on which a joint is to be 
formed is used as an inorganic thin layer, a metallic thin 
layer having good adhesion may be laminated on the 
metal oxide or metal compound layer to obtain satisfac 
tory adhesion to the part. 
The tensile strength of an inorganic thin layer com 

posed of two or more layers is obtained as a tensile 
strength of the whole laminate. 

In using the joint forming sheet according to the 
present invention, the inorganic thin layer of the sheet is 
brought into contact with a part on which a joint is to 
be formed and pressed onto the part from the back side 
of the substrate. Otherwise, a part on which a joint is to 
be formed is directly pressed onto the inorganic thin 
layer. Then, the inorganic thin layer at the pressed part 
is released from the substrate and, at the same time, 
transferred to the part, if desired, while applying en 
ergy, such as heat or ultrasonic waves. 
An example of usage of the joint forming sheet of the 

present invention is illustrated in FIG. 3. Inorganic thin 
layer 2 is brought into contact with a circuit pattern 3 
formed on an electrical circuit board 5, and the sheet is 
pressed, if desired, under heating from the back side 
thereof onto a pattern 3, whereby the thin layer 2 at the 
pressed part is transferred to the pattern 3. Then, an IC 
chip 4 is put thereon in such a manner that leads 41 of 
the chip 4 and the transferred thin layer 2 ?t together 
and then fuse bonded while, if desired, applying heat or 
ultrasonic waves. 

In another example of usage, a prescribed part of an 
IC chip is pressed onto the inorganic thin layer 2 of the 
joint forming sheet to transfer the thin layer 2 to the IC 
chip to form external electrodes (electrical joints). 

Thus, the joints for electrical connection which can 
be formed by using the joint forming sheet of the pres 
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ent invention include the above-described circuit pat- ' 
terns, electrodes (pin electrodes or lead electrodes), and 
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metallic bumps. The joint forming sheet of the inven 
tion is also useful for repair of disconnected circuit 
patterns. 
According to the present invention, an inorganic thin 

layer is out before being released from the substrate so 
that release and transfer of the thin layer to various 
parts can be achieved with high precision. Therefore, 
an electrical joint which causes no connection failure 
can be surely formed. 
The present invention is now illustrated in greater 

detail with reference to Examples, but it should be un 
derstood that the present invention is not deemed to be 
limited thereto. 

EXAMPLE 1 

One side of a 50 pm thick polytetra?uoroethylene 
?lm (elongation in TD: 250%; elongation in MD: 117%; 
contact angle with water: 120°) was subjected to a sput 
tering surface treatment, and metallic indium was vac 
uum deposited thereon at 1X 10-4 Tort to form a 5 pm 
thick indium layer. The indium layer had an elongation 
of 22%, a tensile strength of 135 g/5 pmxl cm and an 
interfacial adhesive force of 2,000 g/cm2 to the sub 
strate. 
An electrical joint was formed by using the resulting 

sheet in accordance with the usage shown in FIG. 3. 
The indium layer corresponding to the pressed part was 
neatly transferred to the circuit pattern with good di 
mensional precision leaving no remains on the substrate. 

EXAMPLE 2 

,A joint forming sheet was prepared in the same man 
ner as in Example 1, except for using an untreated sub 
strate and replacing metallic indium with gold. The 
gold layer had a tensile strength of 645 g/ 5 umXl cm 
and an interfacial adhesive force of 1,000 g/cm2. 
* When an electrical joint was formed by using the 
resulting sheet in the same manner as in Example 1, the 
gold layer corresponding to the pressed part was neatly 
transferred to the circuit pattern with good dimensional 
precision leaving no remains on the substrate. 
While the invention has been described in detail and 

with reference to speci?c examples thereof, it will be 
apparent to one skilled in the art that various changes 
and modi?cations can be made therein without depart 
ing from the spirit and scope thereof. 
What is claimed is: 
1. A joint forming sheet or tape comprising a sub 

strate having an easy release surface having a contact 
angle with water of at least 50°, having provided on said 
easy release surface thereof an inorganic thin layer, the 
interfacial adhesive force of said inorganic thin layer to 
said substrate easy release surface being greater than the 
tensile strength of said thin layer and the elongation of 
said substrate being greater than that of said thin layer, 

wherein said substrate having an easy release surface 
has an elongation in the transverse direction 
greater than that in the machine direction. 

2. A joint forming sheet or tape as claimed in claim 1, 
wherein said inorganic thin layer has an interfacial ad 
hesive force to the substrate surface of not more than 
300,000 g/cm2. 

3. A joint forming sheet or tape as claimed in claim 1, 
wherein said inorganic thin layer has a tensile strength 
of from 10 to 10,000 g/umXcm. 

4. A joint forming sheet or tape as claimed in claim 1, 
wherein the interfacial adhesive force of said inorganic 
thin layer to the substrate surface is greater than the 
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tensile strength of said inorganic thin layer by at least 10 

5. A joint forming sheet or tape as claimed in claim 1, 
wherein said inorganic thin layer is formed of an inor 
ganic material having a melting point of 500° C. or 
higher. 

6. A joint forming sheet or tape as claimed in claim 1, 
wherein said inorganic thin layer comprises a magnetic 
metal or an alloy. 

7. A joint forming sheet or tape as claimed in claim 1, 
wherein said inorganic thin layer comprises two or 
more layers. 

8. A joint forming sheet or tape as claimed in claim 7, 
wherein said inorganic thin layer comprises a low-melt 
ing metallic thin layer and a high-melting metallic thin 
layer. 

9. A joint forming sheet or tape as claimed in claim 7, 
wherein said inorganic thin layer comprises a low-melt 
ing metallic thin layer, a high~melting metallic thin 
layer, and a low-melting metallic thin layer in this or 
der. 

10. A joint forming sheet or tape as claimed in claim 
1, wherein said substrate having an easy release surface 
has a controlled elongation in its longitudinal direction. 

11. A method for forming an electrical joint, compris 
ing putting a joint forming sheet or tape comprising a 
substrate having an easy release surface having a 
contact angle with water of at least 50°, having pro 
vided on said easy release surface thereof an inorganic 
thin layer, the interfacial adhesive force of said inor 
ganic thin layer to said substrate easy release surface 
being greater than the tensile strength of said thin layer, 
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8 
on a part on which an electrical joint is to be formed in 
such a manner that said inorganic thin layer faces said 
part, pressing said joint forming sheet from the back 
side thereof to cause the substrate to be partially de 
formed and to cause the inorganic thin layer at the 
pressed part to be cut and transferred to said part, 

wherein said substrate having an easy release surface 
has an elongation in the transverse direction 
greater than that in the machine direction. 

12. A method for forming an electrical joint as 
claimed in claim 11, wherein the inorganic thin layer 
faces the part on which an electrical joint is to be 
formed with a gap therebetween, said gap being greater 
than the deformation distance of the substrate in its 
thickness direction at which the inorganic thin layer is 
caused to be cut. 

13. A method for forming an electrical joint as 
claimed in claim 11, wherein said electrical joint is a pin 
electrode. 

14. A method for forming an electrical joint as 
claimed in claim 11, wherein said electrical joint is a 
circuit pattern. 

15. A method for forming an electrical joint as 
claimed in claim 11, wherein said electrical joint is a 
metallic bump. 

16. A method for forming an electrical joint as 
claimed in claim 11, wherein said electrical joint is a 
lead electrode. 

17. A method for forming an electrical joint as 
claimed in claim 11, wherein said electrical joint is a 
disconnected part of an electrical circuit. 

* * * * * 


